Abstract. I undertook a phylogenetic analysis of the Recent taxa of Phalacrocoracidae using qualitative osteological characters. The family comprises two subfamilies. The Phalacrocoracinae (cormorants) comprise four genera of all-dark, littorine species: Microcarbo (microcormorants), Compsohalieus (marine cormorants), Hypoleucos (mesocormorants), and Phalacrocorax (macrocormorants). The Leucocarboninae (shags) comprise five genera of variably plumaged, littorine, and pelagic species: Leucocarbo (guano shags), Notocarbo (blueeyed shags), Nesocarbo (Campbell Island Shag), Euleucocarbo (New Zealand blue-eyed shags), and Stictocarbo (cliff shags). The relationship of the anhingas (Anhingidae) to the Phalacrocoracidae remains problematical and unresolved. Additional analyses using cranial or postcranial characters produced comparable results, with the greatest divergence obtained when only crania were compared. I discuss the nature of homoplasy in the family: cormorants are characterized by convergences, shags by reversals. Plumage patterns have functional correlates, but phylogenetic history may be the ultimate factor.
INTRODUCTION
Since the very first attempts to reconstruct the phylogeny of the Class Aves, there has been little controversy over which taxa comprised the Phalacrocoracidae. More pertinent at the time was determining the relationships of the family within Pelecaniformes, and that of the order to the rest of birds. The most widely accepted phylogeny was by Wetmore (1934) who positioned the family between the Sulidae and Anhingidae at the "primitive end' of the avian phylogeny. Little effort was expended by systematists before or after this to determine relationships within the cormorants.
The An ancillary (and essentially trivial) issue has been whether the anhingas (darters) constitute a distinct family or are a subfamily of the Phalacrocoracidae. Peters (193 l), Olson (1985) Becker (1986) and others considered their differences to be sufficient for family standing (i.e., Anhingidae), while Dorst and Mougin (1979) Cracraft (1985) and many others found their similarities 18851 with the Phalacrocoracidae to be great enough to restrict it to a subfamily (i.e., Anhinginae).
The first worldwide treatment was by Sharpe (1899) who, without indicating methodology or characters used, placed all forms from the early Miocene to the Recent into Phalacrocorax, reserving separate genera for an Eocene taxon Actiornis spp., the Galapagos Cormorant (Nannopterum harrisz), and the extinct Pallas' s Cormorant (Pallasicarboperspicillatus). Because he listed the latter species also in Phalacrocorax, this gave it the notable distinction of belonging to two genera simultaneously.
Peters (193 1) followed a traditional linear arrangement of species placed into two genera (Phalacrocorax, Halietor), but without justification or methodology. Von Boetticher (1936) considered certain aspects of external morphology (e.g., rectrix number, abdomen color, etc.) and biogeography, and clustered all of the extant forms by general similarity into three genera and 10 subgenera. He later revised this taxonomy (von Boetticher 1937) and altered species allocations, generic and subgeneric names, and proposed a resolution of the blue-eyed shag complex (Leucocarbo s.1.) of the southern hemisphere.
Systematists studying southern hemisphere Phalacrocoracidae have been faced with a greater diversity of species than elsewhere in the world, and perhaps as a direct result of this, have proposed a variety of taxonomies (cf. Mathews and Iredale 1913, Falla 1937, and others). Of these, only van Tets ( 1976) considered all extant species. Using similarities in external morphology and behavior, he apportioned all members of this family into two genera (Phalacrocorax, Leucocarbo) with three subgenera in the former, and two in the latter genus.
Most recently, Dorst and Mougin (1979) following Peters (193 l), lumped all extant species into a single genus Phalacrocorax. Assessments of possible specific and superspecific affinities were given by footnote but without justification. Neither Dorst and Mougin nor Peters presented an explicit phylogeny of the family, but listed species in a linear arrangement, "in taxonomic sequence" (Peters 1931:iv, Mayr and Cottrell 1979:vi).
To date, no attempt has been made to present anything other than a linear arrangement of species and only van Tets (1976) gave distinct characters to delineate higher-order relationships. I undertook a phylogenetic analysis of Recent Phalacrocoracidae and Anhingidae using 137 osteological characters. I present a hypothetical evolutionary tree for the family, and discuss its implications for classification, morphological convergence, and plumage patterns.
This article is dedicated to the memory ofRalph W. Schreiber, friend and teacher, who encouraged me early on to study Pelecaniformes, and supported my continuing research on cormorants with insight and humor. His sudden death diminishes us all.
METHODS

TAXA AND SPECIMENS
I studied skeletons of all Recent taxa of Phalacrocoracidae, except for the Indian Cormorant, Hypoleucos jiiscicollis, and some of the island forms of Notocarbo atriceps found in Antarctic waters (e.g., N. a. melanogenis, N. a. purpurastens, etc.), of which no specimens are readily available (Wood and Schnell 1986). In taxa known to be particularly variable or encompassing many subspecies, I studied as many forms as possible. In all, I examined 226 specimens of 36 putative species of cormorants, shags, and anhingas (Table 1) . Except for certain New Zealand shags (Nesocarbo campbelli, Euleucocarbo chalconotus, E. colensoi, E. onslowi, E. ranfurlyi: one skeleton each), three microcormorants @Ii-crocarbo coronatus, M. niger, A4. pygmaeus: one skeleton each), and the extinct Spectacled or Pallas' s Cormorant (Compsohalieus perspicillatus: unassociated skeletal elements), I examined at least two specimens of each species.
ANALYSIS OF CHARACTERS
I used 137 osteological characters for the phylogenetic analysis (Appendix 1); less than onefourth of these have been described or defined previously, but most are illustrated without identification in references accompanying the character descriptions. Where possible, anatomical descriptions follow Howard (1929) and Owre (1967); in many cases, however, suitable names for features could not be determined through these sources, and characters were described instead by appearance or location. In some taxa previously considered to be of subspecific rank (e.g., E. chalconotus, N. bransjieldensis, Stictocarbo featherstoni), I found sufficient diagnostic characters (autapomorphies) to discriminate them as species (see McKitrick and Zink 1988) . In the FIGURE 1. General tree of the Recent species of Phalacrocoracidae (CI = 0.678, length = 227 steps). Character changes are given in the indicated figures which follow. Species names in brackets indicate presumptive placement where no specimens were available for study. case of N. atriceps and albiventer, two taxa currently considered specifically distinct, I was unable to discover any diagnostic osteological characters. For this analysis, therefore, they were treated together under the senior synonym, atriceps. Members of two genera of cormorants (Hypoleucos, Phalacrocorax) showed substantial geographic variation in osteology within currently recognized species; in these cases, I used specimens of the nominal taxon (e.g., H. olivaceus olivaceus, P. carbo carbo, etc.).
I used only qualitative osteological characters in this analysis because little is known at present about behavior, life histories, and the intrataxon variation in external morphology for approximately half of the extant species. In addition, it is not possible at present to establish polarities and states with many of these nonosteological characters.
Each of the characters I used was a discrete trait for which at least two discrete states could be defined. I made no attempt to develop an exhaustive list of diagnostic characters for each species.
DERIVATION OF TREES
I determined polarities of each character by comparison with selected taxa-Sula and Morus (Sulidae), Pelecanus (Pelecanidae), Fregata (Fregatidae), Diomedea (Diomedeidae), and Spheniscus (Spheniscidae)-each proposed as an outgroup to the Phalacrocoracidae (Cracraft 1985). I used these outgroups and the method of Maddison et al. (1984) to construct a hypothetical ancestor to root the evolutionary tree. I found no differences in tree topology of the Phalacrocoracidae using actual outgroup taxa or a hypothetical ancestor, although I obtained the most parsimonious solution using the latter. Transformation series were treated as linear, except in four cases where I was unable to determine linearity with confidence. These (8,60,62,97) I treated as unordered characters. To test the effect of these assumptions about the probable evolution of character states on tree stability, I performed subsequent analyses treating all characters as unordered.
The trees were derived using the PAUP program (Swofford 1984) and I used the method of search described by Livezey (1986). The search for most parsimonious trees was accomplished using the multiple parsimony (MULPARS) and alternate swapping between global and local search (ALT) options. The accelerated transformation (ACCTRAN) optimization, which minimizes reversals within a tree, was used to position characters. Results of analysis using delayed transformation (DELTRAN), which minimizes parallel character states within a tree, did not alter topology; differences involved only the placement of nine characters (see below in Results).
See anhinga, A. novaehollandiae). In some specimens, intermediate states for these characters were found; in other specimens, character states varied among supposed conspecifics. Because precise coding of these characters could not be determined with confidence, they were treated as polymorphic, i.e., both character states found within the group. In subsequent analyses, these characters were coded first as primitive and then as derived. In both cases, a single tree was found which differed only from that illustrated here in that the Anhingidae were placed between subfamilies of Phalacrocoracidae. In the former analysis, Anhingidae was the sister group to the shags; in the latter, to cormorants. Similar results were obtained using all characters unordered; otherwise, the trees were the same as in the primary analysis.
PHALACROCORACIDAE Bonaparte, 1855
Three synapomorphies, one of which (137: terminal hook to the bill) is unambiguous, reaffirms the monophyly of the family (Fig. 2) (Becker 1986 and others) . These efforts have dealt primarily with the question of higher-order rank, which ultimately is subjective. Yet undetermined are the phylogenetic relationships of the taxa comprising the Anhingidae, or their precise relationship with the Phalacrocoracidae; a more detailed survey of character and taxon variation in this group than was possible in this study is needed to resolve the problematical characters discussed earlier. Until then, the most prudent course is to consider the Anhingidae of equal rank to the Phalacrocoracidae.
Cormorants ( . In general, the cranial and postcranial subsets were congruent with the entire data set. With two exceptions, in both analyses all species were grouped into genera identically as found in the analysis using all characters. Intrageneric relationships were not resolved within most genera in these character subsets, however, and the number of equally parsimonious trees was correspondingly large. Intergeneric relationships in the postcranial analysis (Fig.  6b) were identical to those found in the analysis of all characters except that the Anhingidae, Phalacrocoracinae, and Leucocarboninae were resolved only to a polytomy. The analysis employing exclusively cranial characters (Fig. 6a) produced a much different topology than in the other analyses.
Here, all except two species assignments (C. perspicillatus, N. verrucosus) were preserved, but generic relationships differed somewhat from the analysis using all characters. Although the order of genera is preserved within subfamilies, the Phalacrocoracinae are paraphyletic using this subset, and the primitive shags (Leucocarbo spp.) are polyphyletic.
It appears that the head is prone to convergence as earlier workers surmised, and postcranial characters are less prone to convergence. An analysis using cranial characters alone will allow only generic assignment for most taxa of cor- morants and shags. On the other hand, an analysis employing only postcranial characters will allow a fairly accurate generic assignment, and interspecific relationships will be resolved in selected genera (e.g., Hypoleucos, Compsohalieus, Mcrocarbo, Nesocarbo, Stictocarbo). Full resolution will obtain only in using a full complement of characters.
HOMOPLASY
Considerable convergence and reversal of character states is evident in the tree (Figs. 1-5) and by the consistency ofcharacter change (Appendix 1). The extent to which some of these are related to errors in assessing homology is open to interpretation since anatomical studies in this family are rare and restricted to only a few taxa. The majority of convergences and reversals are associated with probable adaptations for flight and feeding (see Stolpe 1932, Owre 1967) and most involve the wing elements (56, 64, 68, 79) sternum, quadrate, and mandible (6, 13, 21, 38,41, 49). Some of these characters co-occurred, possibly indicating functional adaptations to common ecological problems. This effect is particularly notable in comparisons between taxa, e.g., Anhinga and Euleucocarbo (83, loo), Phalacrocorax and Microcarbo (14,45, 102, 116) , and are supported in many cases by ecological associations (Fjeldsa 198 1, 1985) .
Reversals were just as numerous, and perhaps are more problematic. In some cases of reversal (2, 13, 3 1, 40, 98, 124) Pierroti (1987) examined the relationship between bill, face, and foot color among shags and cormorants grouped by areas of potential breeding sympatry to investigate whether external coloration served to reduce interspecific hybridization. If hybridization between species is more likely than that between members of different genera, as his study assumed, then the hybridization potential was overestimated because only a single genus was used for the family Phalacrocoracidae (e.g., his table 4, groups 2-S). Questions of rank aside, prereproductive isolating mechanisms such as incompatible courtship behavior, size, nesting and breeding preferences, etc., may have evolved much earlier before present species ever bred sympatrically.
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